Abstract: An increase in energy consumption of home appliances is a growing problem in distribution system. The Demand Response (DR) strategy for reducing the energy usage is the key for any energy management system (EMS). In order to minimize the electricity consumption in domestic sector, the smart energy controller (SEC) with Internet of Things (IoT) is essential. In this paper, the smart energy controller is proposed for residential air conditioner (RAC) to save the energy and energy cost using new algorithm based on DR. Hardware prototype of SEC and software is designed to demonstrate the proposed the energy management system (EMS) for control the thermostat of RAC. The proposed DR algorithm is applied under three strategies in which the first strategy considers operation during one day of week from 12 pm to 12 am and the second strategy considers controlling of thermostat by sensing inside room temperature during 12 pm to 12 am of the day and third strategy considers operation of RAC by real time price (RTP) with several cases. The Experimental results of the proposed SEC are compared with each other strategy of EMS. The third strategy provides better results in terms of energy consumption and electricity cost.
INTRODUCTION
The Electricity is a unique product which plays an important role in the development of any country but it cannot be stored in large quantities economically [1] . With the rapid development in technologies of home appliances and other industrial devices, the usage of electrical energy is increasing day by day. Consequently, the customer has to pay more electricity cost for enhancement of living standard. Nearly about 30% of total electricity is consumed by air conditioners and electric water heaters are the major causes of high cost burden on consumers [2] . In order to minimize the electricity consumption and price, the demand response and dynamic pricing scheme can be implemented under Smart Grid environment. The Smart Grid technology involve various phenomenon viz. demand side management, demand response, smart meter, charging station for electrical vehicle, automation, smart home appliances. The smart grid can be seen as the future electricity grid where information and communication technologies (ICT) are added to the existing network structure. The Smart Grid are application of advanced technologies of electrical engineering, communications engineering and software engineering, to real time monitoring and controls the energy consumption at the level of neighborhood and each home operators to monitor [3, 4] . With the development of smart grid, the consumers can be operate appliances and reduce electricity costs efficiently and wisely [5] . Moreover, the home energy management and area network (HEMAN) is an integral part of the smart grid. Therefore, HEMAN is one of the most important technical innovations to increase energy efficiency and save electricity.
In recent years, many researchers have published survey level of neighborhood and each home operators to monitor [3, 4] . With the development of smart grid, the consumers can be operate appliances and reduce electricity costs efficiently and wisely [5] . Moreover, the home energy management and area network (HEMAN) is an integral part of the smart grid. Therefore, HEMAN is one of the most important technical innovations to increase energy efficiency and save electricity.
In recent years, many researchers have published survey results of RAC on indoor thermal environment and household energy consumption. RAC systems are one of the familiar devices currently used in home appliances [6] . The RACs have become an integral part of nearly all household, offices, commercial buildings and facilities. As a result, RAC consumes the highest percentage of electricity costs efficiently and wisely [5] . Moreover, the home energy management (HEM) and Home area network (HAN) is an integral part of the smart grid. Therefore, HEM is one of the most important technical innovations to increase energy efficiency and save electricity.
In recent years, many researchers have published survey on impact of RAC on indoor thermal environment and household energy consumption. RAC systems are one of the familiar devices currently used in home appliances [6] . The RACs have become an integral part of nearly all household, offices, commercial buildings and facilities. As a result, RAC consumes the highest percentage of total energy consumption [7] . This problem arising due to higher use of RACs during summer season can be overcome by energy management at the distribution side. In recent years, the energy management is an essential technology of the smart grid which is called Home Energy Management System. In [8] , authors proposed a smart home energy management (HEM) system to manage and monitoring of household energy. This system has developed on top of the Hydra framework. The hydra's architecture has more advantages for smooth and flexible operation of home appliances. In [9] , authors demonstrated bluetooth low energy based approach to manage the energy in homes and it shows that this approach is socio-economically beneficial for consumers and utilities. The Authors http://journals.uob.edu.bh developed a prototype model of smart home in which two Arduino boards and various sensors viz. lux sensor, a temperature & humidity sensor and a PIR motion sensor [10] . They also simulated the model of smart home with Cooja simulator.
Along with the rapid development of modern information technology, IoT attracts industry attention as a new technology. IoT is a network that provides valueadded services by connecting a considerable number of objects, sensors, or peripheral devices via the ICT infrastructure [11] . The IoT sensor plays an important role in the management of smart home energy. On the basis of IoT current development trend, energy management is the application of IoT technology [12] . Researchers [13] designed an energy controller with conservation voltage reduction to manage the energy consumption of home appliances. The Authors [14] designed an IoT based smart controller for air conditioner to save electricity consumption. They also develop a smart meter for controlling of compressor of RAC. In the environment of IoT, the energy data are sent to a cloud server in real time and smart meter control the cooling and heating operations via internet.
Moreover, the DR strategy can be introduced into the smart grid infrastructure using IoT to actively engage consumers in distribution systems. Though, DR has the various concept of electricity tariff viz. real time pricing (RTP), time-of-use (TOU) and day ahead pricing [15] . In [16] , authors described that if electricity consumption is increased than demand response is required for consumers to change the energy consumption pattern with varying the dynamic prices. Basically, DR in Smart Grid is very important to encourage consumers to reduce demand during peak hours. So the primary purpose of DR is to reduce electricity bill and maximize the satisfaction of consumers with the information of RTP and managing of the appliances. Consequently, RTP have the impact on DR by various ways, (1) the consumers can be minimize the energy consumption during high RTP (2) load requirement can be reduced during peak hours by scheduling of home appliances (3) load demand can be increased during off peak periods. By these DR measures the electricity bill and power consumption can be managing [17] . In the recent times, the advanced technology is being used to control the smart appliances according to DR. This advanced technology can be implemented as smart energy controller with HAN, IoT, cloud computing and advanced version of microcontrollers.
However, HAN is an integral part of Smart Grid and helps provide a better solution to reduce electrical energy consumption. The HAN is developed through communication and information technology which is used to provide the collected information of energy consumption by all devices. HAN technology is also used for real time monitoring and remote control of smart home appliances by personal computer/ android phone [18] .
In this paper a novel energy management scheme for RAC having a smart energy controller using IoT and real time pricing strategy has been proposed. This controller is implemented in hardware using Arduino Node MCU ESP8266. The proposed energy management strategy with SEC is compare with conventional methods and energy saving consumers is demonstrated.
Section 2 describes the complete system architecture for energy management system. Section 3 gives the details of problem statement. Section 4 and 5 give the IoT base system design and proposed algorithm. This hardware experimental setup is described in section 6. In section 7 the outcome of present research is discussed. In section 8 the conclusion of the study is presented.
SYSTEM ARCHITECTURE FOR ENERGY MANAGEMENT SYSTEM
The architecture of the proposed system is shown in block diagram which illustrate in Fig.1 . Wi-Fi module is embedded with the Arduino 'Node MCU'. Arduino is an open source platform to build electrical and electronic projects. It consists of a programmable circuit board and software or IDE part running on the computer used to write the dynamic programming and upload to the computer. The proposed system consists of smart energy controller (SEC), a local area network (LAN), Web server, MySQL software and IoT. The home appliance, RAC is connected to SEC and current transformer and potential transformer are used to measure the current and voltage across load. The RAC controlled by SEC is working by DR algorithm. The Wi-Fi device is used to send and receive the signal through a local area network (LAN). The LAN is used for communicating the data to server with link or wireless. The appliances communicate to cloud server through IoT which establishes the connection with the internet and measure the energy consumption by RAC and it is displayed on cloud server. In this system, the cloud server, Thingspeak platform is used for real time monitoring of performance of SEC. The measurable quantities current, voltage, power and energy published and displayed on the Thingspeak platform.
Energy Controller
Thingspeak is an open source web application of IoT. This server receives and sends the data through API with HTTP and LAN over Internet. This application is used to transmit the sensor reading to cloud server. Thingspeak is integrated with MATLAB software. Through this server the data can be analyzed and visualized by MATLAB This server uses channels to store the received data from controllers. However, Thingspeak server is not capable of saving more than 100 entries of data because new data overwrite to the old data.
PROBLEM STATEMENT
In terms of controlling the smart home appliances, several algorithms and techniques have been developed. Several conventional controllers were utilized in air conditioners to meet the thermal demands for energy saving. In fact, the on/off controllers for thermostat of air conditioner used in practice cannot cope with direct changes in thermal requirements directly related to human comfort and energy efficiency. These conventional controllers are not appropriate to sensitive and immediate control corresponding to advanced technologies of communication and IoT.
Consequently, the smart energy controller is designed for residential air conditioner to save the electrical energy and minimize the cost of electricity. The objective of proposed research is to save the electrical energy and minimize cost of electricity to consumers using DR algorithm. The two strategies for DR algorithm are based on real time price (RTP) and room temperature sensing mode. The RTP is varied at 15 minute interval during 24 Hours in wholesale electricity market. In this paper two DR algorithm are proposed, the compressor of RAC should be operate by sensing of inside room temperature and sensing of RTP (i) Room temperature ≥24 o C, the RAC is ON otherwise OFF (ii) Thermostat of RAC is varies with respect to RTP. Here we consider five range of RTP. However, in these three algorithms, the current, voltage, power and consumption of energy is measured through energy controller and IoT. In this paper, the sampling time for energy and power is taken as 1 min, which is relatively very short.
Strategy 1: Normal Mode
In this algorithm, the set point of RAC thermostat ( ) is fixed by user throughout the day Objective Function This strategy is based on DR algorithm, RTP. In this algorithm, the set point of RAC thermostat ( ) is varies according to real time price (RTP). The node MCU (ESP8266) is the center processing unit of the proposed IoT based SEC system which is used for communication between the RAC and gateway web server to display and monitor the parameters at the web cloud server (Thingspeak). There are two main parts of proposed model, the first one is the DR algorithm with embedded ESP8266 module and the second one is the IoT for energy management system. The architecture of our proposed digital meter with Wi-Fi module is shown in Fig. 6 . The Fig. 7 shows the real time prototype model for smart energy controller with RAC. The thermostat will be set at lower temperature for low RTP and RTP is high than the thermostat will be set at higher temperature. In this algorithm five cases are considered for RTP and setting temperature of RAC. 
Objective Function

IOT BASED SYSTEM DESIGN
In fact, demand side management and DR are responsible for the reliable and smooth operation of the network in the smart grid. The various strategies of DSM and DR manage and controls the energy consumption by scheduler embedded in the smart energy controller [19] . In proposed model, the microcontroller Node MCU ESP8266 is used to control the RAC according to http://journals.uob.edu.bh communication provided by home owner. Besides, the digital temperature sensor, current transformer and voltage transformer are embedded with smart energy controller to measure the temperature of atmosphere, current, voltage across load 'RAC' respectively.
All these data is monitored through IoT on web server. The output of the voltage transformer and current transformer is clamped by the level change circuit to make the signal as high as 3.3 volts because this is the input voltage range of the analog-to-digital converter (ADC) in Node MCU ESP8266 controller. The CT and PT are programmed to measure current and voltage respectively. The current signal is responsible for the voltage drop across the resistor, so the voltage signal can be supplied to the controller. After calibration, these data display on the cloud server through Thingspeak. The relay is working as switching circuit which connected in series with the RAC as shown in Fig. 1 . The controller signal is supplied to the relay control circuit. The signal from the controller is provide to the driver circuit of the relay and RAC is controlled. The digital temperature sensor (DS18B20) is connected to board of Node MCU ESP8266 at GPIO 2 corresponding to Pin D4, Vcc and ground.
Through IP 184.106.153.149 or api.thingspeak.com temperature data at interval of 5 second can be send to an online web server. The applied controller, Node MCU (ESP8266), receives the data and measures the consumed energy by RAC. The controller sends all data periodically at interval of 5 Sec through IoT. The Indian Energy Exchange (IEX) is a power trading exchange regulated by the Central Electricity Regulatory Commission (CERC) which provides the day ahead market (DAM) price or daily electricity price or real time price (RTP) is implemented through the web portal at 15 min interval for 24 hrs. For the proposed research the DAM price is taken and provided to controller through web portal (www.aryagrids.com) for the operation of RAC in energy saving mode.
The different types of controllers are used by engineers and researchers viz. PIC controller, Raspberry pi, Arduino. The Arduino is available with and without Wi-Fi module. The Node MCU ESP8266 is a type of Arduino with Wi-Fi module. The IOT devices, Arduino, Raspberry Pi and Node MCU ESP8266 are suitable controllers for power management in home automation applications. However we have preferred to use Node MCU ESP8266 because all arduino except MCU microcontroller don't have integrated Wi-Fi chip. An extra Wi-Fi device is required to connect these microcontrollers with internet. A low cost Wi-Fi chip is incorporating with ESP8266 board. The ADC channel is used to read the analog values The Raspberry Pi3 is not having any ADC channel. Therefore it is not suitable for this application. The arduino contains 8 (A0-A7) ADC channels .This major limitation of Node MCU ESP8266 is that having only single (A0) ADC channel.
Another limitation of proposed system is that the storage capacity of data is limited because of the cloud server is to be operated such that existing data is overwritten by new data. To overcome this problem, MySQL software is used for the database management. The MySQL software provides the data in tabular form. This software is used to collect the data from cloud and transfer to web portal after that this data can be saved. We can easily search data with the help of query language.
IOT BASED SEC ALGORITHM
The SEC algorithm provides load shifting considering customer comfort and lifestyle with load shedding during demand response events. The SEC algorithms provide the information to the home appliance and RAC algorithm. The objectives of SEC algorithm are to minimize energy drawn from grid and minimize the electricity bill. The SEC measures the power consumption and calculates the energy consumed by RAC during real time. The Fig. 2 illustrates the algorithm for displaying the data on Web Server. This flow chart shows that Node MCU ESP8266 fetch the sensors data and send to cloud server (Thing speak) through IoT. The Fig. 3 illustrates the algorithms for controlling the RAC by inside sensing room temperature and this flow chart represent two mode (i) Normal mode (ii) Automatic mode based on sensing inside room temperature. In normal mode the sensors read the data and controller calculates the energy and power consumption by RAC and displays all data on serial monitor/ cloud server. In automatic mode the threshold temperature (24 0 ) is set and ON the RAC than sensors read the data and controller compared the inside room temperature with threshold temperature. If room temperature is lower than the threshold temperature the RAC is OFF otherwise ON and as previously displays all data on serial monitor/ cloud server. Fig.4 illustrates the flow chart for controlling the RAC by thermostat temperature with RTP. The smart energy controller operates to the RAC with desired temperature according the RTP and displays all data on serial monitor/ cloud server. 
HARDWARE SETUP
The node MCU ESP8266 is the control processing unit of the proposed IoT based SEC system which is used for communication between the RAC and gateway web server to display and monitor the parameters at the web cloud server (Thing speak). This microcontroller is work as brain of the system. The proposed prototype model has two main parts (i) Hardware model (ii) software. To The Wi-Fi is a wireless local area network (WLAN) to share data using 2.4 GHz UHF radio waves and 5 GHz SHF. Wi-Fi is enabled in the Node MCU ESP8266 to connect to the Internet within the range of WLAN specified. The MCU node ESP8266 is connected to the Internet through a public access point (hotspots). Android phones and laptops can use the Wi-Fi module to access the node MCU.
EXPERIMENTAL RESULT AND DISCUSSION
In this section the performance of smart energy controller is discussed. To investigate the performance of SEC the two RAC of 1.9kW rating are installed in two rooms of (3.6576×3.5052×3.6576) size in meter. In order to check the performance of the DR algorithm and SEC, three different strategies have been studied. Consequently, for the investigation of proposed smart energy controller, the RAC were operated during 12:00 PM on 12th September, 2018. As mentioned earlier, the proposed algorithm used by RTP signal which is based on data available from IEX. The Real Time Price data which is used in the proposed study, it is shown in Fig. 7 . The real data is monitored through cloud server (thingspeak.com) and stored on personal web portal through MySQL data base management.
Figure. 7 Real Time Prices of 12 Hrs
In the first strategy normal mode operation the setting of thermostat of RAC is considered as 20 ℃ throughout the study period. It is observed that energy consumption is 23.17 kWh in 12 Hrs. In the second strategy sensing inside room temperature mode the energy consumption is 19.96 kWh and in third strategy payload mode the energy consumption is 18.73 kWh. The energy consumption and electricity cost has been reduced by third strategy. The energy comparison and its cost for different strategies are shown in Table II Table I Figure. 
CONCLUSION
Currently, the consumers are interested in managing their household energy consumption. In the present research the authors have developed a new demand response algorithm to save energy and reduce electricity bill. This concept is implemented to reduce energy consumption of residential air conditioners. The performance of new algorithm has been investigated by the hardware prototype of smart energy controller. The experimental results show that the proposed smart energy controller is capable to control the operation of RAC economically. Consequently, the smart energy controller is beneficial for consumers to save electricity and electricity bill maintaining comfort zone. In future Smart Grid the all home appliances will be operated by RTP of electricity to save cost and increase reliability, efficiency and transparency. Consequently, the proposed smart energy controller will beneficial for home in smart grid environment.
